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1.0 Introduction 

A. Overview 

The U.S. Department of Energy’s Office of Power Technologies sponsored a two-day 
workshop in College Park, Maryland on April 10-11, 2002, to design a set of actions for 
research, development, and demonstration of fuel cell technologies for use in buildings 
and stationary applications.  The Fuel Cells for Buildings Roadmap Workshop brought 
together researchers, government officials, and industry members to creatively develop 
solutions to achieve a vision for the fuel industry.  The vision, developed at an earlier 
workshop, is stated below.

By 2020, fuel cells will be intimately integrated in buildings, part of a flexible portfolio 
of options for meeting energy needs and/or supporting the grid. 

The Fuel Cells for Buildings Vision Workshop involved many of the same stakeholders as 
the Roadmap Workshop; during the course of the workshop, they not only outlined this 
vision for the fuel cells industry as it affects buildings, but they created specific, strategic 
goals to achieve it..

This document presents the proceedings of the Fuel Cells for Buildings and Stationary 
Applications Roadmap Workshop.  These proceedings include a summary of workshop 
products, including the plenary presentations, and the recommendations of three breakout 
groups.

B.  Background 

The principle of the fuel cell has been known since the 19th century, when William Grove 
utilized four large cells, each containing hydrogen and oxygen, to produce electric power.   
Similar to a battery, fuel cells have an anode and a cathode separated by an electrolyte; 
the electrolyte is the distinguishing characteristic of the fuel cell. Hydrogen enters the 
anode and air enters the cathode.  The hydrogen and oxygen are separated into ions and 
electrons, in the presence of a catalyst.  Ions are conducted through the electrolyte while 
the electrons flow through the anode and the cathode via an external circuit.  The current 
produced can be utilized for electricity. The ions and electrons then recombine, with 
water and heat as the only by-products.  This unique process is practically silent, nearly 
eliminates emissions, and has no moving parts.   
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In the 1960’s the alkaline fuel cell was developed for space applications.  The successful 
demonstration of fuel cells in space led to their development for terrestrial applications in 
the 1970s.  With the introduction of the Nafion™ material membrane by Dupont in the 
early 1970’s, proton exchange membrane fuel cells (PEMFC) were being seriously 
researched for stationary and mobile applications.   

The proton exchange membrane is a thin fluorinated plastic sheet that allows hydrogen 
ions (protons) to pass through it.  The membrane is coated on both sides with highly 
dispersed metal alloy particles (mostly platinum) that are the active catalyst.  The 
PEMFC operates at relatively low temperature, has high power density, and can vary its 
output quickly to meet shifts in power demand.  It is well suited for applications where 
quick startup is required (e.g. transportation and power generation).  The PEMFC is a 
leading candidate for powering the next generation of vehicles and is ideal for office, 
retail, hotel, education, and health building applications because of its load 
characteristics, impact on rate structures, and economies of scale.  

The emergence of new fuel cell types, such as solid oxide fuel cells (SOFC) and molten 
carbonate fuel cells (MCFC) in the past decade has led to a tremendous expansion in the 
number of useful products and applications for buildings.  For example, the SOFC 
operates at high temperatures, which further enhances combined cycle performance.  The 
solid oxide system uses a hard ceramic material instead of a liquid electrolyte.  The solid-
state ceramic construction enables it to operate at high temperatures and allows more 
flexibility in fuel choice.  SOFCs are capable of fuel-to-electricity efficiencies of 45-
60%LHV and total system thermal efficiencies of up to 80% in combined heat and power 
applications. 

Fuel cell systems today typically consist of a fuel processor, fuel cell stack, and power 
conditioner.  The fuel processor, or reformer, converts hydrocarbon fuel to a mixture of 
hydrogen-rich gases, and depending on the type of fuel cell, can remove contaminants to 
provide pure hydrogen.  The fuel cell stack is where the hydrogen and oxygen 
electrochemically combine to produce electricity.  The electricity produced is direct 
current (DC); the power conditioner converts the DC electricity to alternating current 
(AC) electricity, for which most end-use technologies are designed.  As a hydrogen 
infrastructure emerges, the need for the reformer will disappear as pure hydrogen will be 
available near the point of use. 

The U.S. Department of Energy is working with researchers and fuel cell manufacturers 
to make the PEMFC commercially available for buildings and stationary applications.
Fuel cells installed in such distributed power applications entail less risk and introduce a 
cost effective and growing market for the PEMFC until a hydrogen infrastructure is in 
place.  Improving materials, components and subsystems, and integrating these systems 
with the building infrastructure, will lead to growing numbers of fuel cell installations in 
buildings across the country. 
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C.  Workshop Process 

The Fuel Cells for Buildings and Stationary Applications Roadmap Workshop began with 
presentations from DOE officials on current federally-funded activities involving fuel cell 
and hydrogen research and development.  Workshop participants then worked in one of 
three parallel breakout groups: 

Materials
Components and Subsystems 
Building Infrastructure  

Each the three parallel sessions were professionally facilitated and resulted in specific 
actions and action plans that need to be taken to achieve a set of strategic goals for the 
fuel cells for buildings industry.  These goals include: 

Lowering the installed cost 
Improving the performance and lifetime of the fuel cell system 
Creating an infrastructure to support stationary fuel cell 
installations 

 Each breakout group developed a set of top priority action items, and then created 
specific action plans for the top priority action items.  These action plans identified the 
scope, specific tasks, timeframes, linkages with other programs, lead and support 
organizations, and immediate next steps to be taken. 
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2.0  Plenary Presentations 

This section provides the presentations given by DOE fuel cell and hydrogen program 
managers during the plenary session.  These presentations provided background 
information about the fuel cells for buildings program, as well as the fuel cells for 
transportation program, the hydrogen program, and the Solid State Energy Conversion 
Alliance (SECA) program.   

A.  Welcome & Overview of the Fuel Cells for Buildings Program 
        Ronald Fiskum, Program Manager, Office of Power Technologies, Department of      
        Energy 
B.    The Department of Energy’s Fuel Cells for Transportation Program 

Nancy Garland, Program Manager, Office of Transportation Technologies, DOE 
C.     Hydrogen Briefing 

Neil Rossmeissl, Program Manager, Office of Hydrogen and Superconductivity, 
DOE

D.      The Solid State Energy Conversion Alliance 
Wayne Surdoval, SECA Program Manager, National Energy Technology 
Laboratory, DOE  
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A. WELCOME & OVERVIEW OF THE FUEL CELLS FOR

BUILDINGS PROGRAM
Ronald Fiskum, Program Manger, Office of Power Technologies,

Department of Energy
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Stationary Fuel Cells
Ronald Fiskum

Energy Consumer Choice

“… one of the several promising opportunities that we’re 
working on for consumers to manage their peak load 
requirements is the use of combined heat and power systems 
in buildings. These systems couple natural gas fired 
distributed generation, such as microturbines, recip engines, 
and fuel cells, with thermally activated cooling and humidity 
control equipment to meet a building’s energy and indoor 
comfort needs. There happens to be a national test facility for 
these devices only 15 miles from here at the University of 
Maryland.   There are other examples from our existing 
portfolio including the integration of solar energy devices and 
buildings, industrial power systems, and electricity storage 
devices for power quality.”

David Garman, Assistant Secretary
Energy Efficiency and Renewable Energy 
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Reminiscing & Reputation: According 
to AGA in September 1966

Onsite power generation offers a 
promising way for the gas industry 
to participate in the growing electric 
energy market. Gas energy onsite 
power systems can compete with 
purchased power in residential, 
commercial, and industrial 
applications. This ability will 
improve as the technology of 
energy conversion develops and 
the use of onsite power becomes 
better understood.  Although first 
costs of fuel cells are not yet clearly 
defined, it is presently projected 
that production fuel cells can be 
built for approximately $100 per 
kilowatt. 

Assessment

• Where it the PEM technology today?

• How close is PEM to a viable product?

• Where are the GAPs?
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What the Future Holds

• What will it take to close these GAPs?
– Programs
– Money
– Time

• When should we tell policy makers, wall 
street and the general public we are 
launching real products?

• What other stationary fuel cell technologies 
should we consider: solid oxide, alkaline, 
etc.?

Exciting Times

• These are exciting times for development of 
stationary fuel cells.

• If America will transition to a H2 economy, it 
will be across a bridge of stationary fuel 
cells.

• Before FreedomCARs will roll across our 
highways, FreedomPOWER will light our 
buildings.

• However, it all begins today with planning.
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Our Request

• Listen carefully, think strategically, be 
thoughtful, and work hard the next day and 
one half.

• Create the best and most realistic vision for 
a public/private partnership in stationary fuel 
cells.

Thank You
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B. THE DEPARTMENT OF ENERGY’S FUEL CELLS FOR 

TRANSPORTATION PROGRAM
Nancy Garland, Program Manager, 

Office of Transportation Technologies, Department of Energy 
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The Department of Energy
Fuel Cells for Transportation Program**

Nancy L. Garland
U.S. Department of Energy 

Fuel Cells for Buildings Roadmap Workshop
April 10-11, 2002

**soon to be the Hydrogen, Fuel Cells, and Infrastructure Technologies 
Program

Outline

Program: Goal and Implementation
Fuel Pathways: Strategy, Energy Efficiency, 

Emissions, and Cost
Technical Challenges
Program Activities
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Fuel Cells for Transportation

Our goal is to develop 
technologies for:

• highly efficient

• low- or zero-emission

• cost-competitive 

automotive fuel cell power 
systems that operate on 
conventional and 
alternative fuels.

GM S-10 Pickup(Gasoline)

Ford Focus (Hydrogen)

Jeep Commander (Methanol)

User
Customer

USCAR
System Requirements

System Analyses
Technology Goals
Technical Reviews

R&D Priorities

US DOE
Program Management

Procurement
Budgeting & Resource

Allocation
Technology/Program 

Assessment

ADVISORS/
STAKEHOLDERS

Fuel Providers
Federal/State Govt
Stationary/Building

Technology Development Flow

NAT’L LABS/Univ.
R&D on most critical 

technical barriers
Assist Suppliers

Independent T&E
Advanced Concepts
Analysis & Modeling

SUPPLIERS
PEM fuel cell system 

development
Fuel-flexible fuel 

processor development
Component development

AUTOMAKERS
EV Powertrain Design
Vehicle Engineering/ 
Packaging Design

Vehicles

Fuel Cell Program Implementation
A Strategic Partnership 
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FUELFUEL
CELLCELL

HYDROGENHYDROGEN

FUEL FLEXIBLEFUEL FLEXIBLE
FUELFUEL

PROCESSORPROCESSOR

Hydrogen can be stored and supplied directly to 
the fuel cell: Storage and Infrastructure Issues

Hydrogen can be derived on-board from fuels 
such as ethanol, methanol, natural gas, 
gasoline or FT fuels: Durability and Start-up 
Issues

H2- Rich
Gas

DOE Transportation Fuel Cell
Program Fuel Strategy

0 1 2 3 4 5 6

cH2 On-board NG SR, FCV

E100, Corn, FCV

E100, Corn Stover, FCV

Methanol, NG, FCV

RFG, Petroleum FCV

cH2, On-board NG SR, ICEV

Diesel, Petroleum, HEV

Diesel, Petroleum, ICEV

RFG, Petroleum, HEV

RFG, Petroleum, ICEV

Primary Energy Input (LHV) Per Mile Driven, MJ/mi

Vehicle: Petroleum Vehicle: Other Fossil Fuel Vehicle: Non-Fossil Fuel

Fuel Chain: Petroleum Fuel Chain: Other Fossil Fuel Fuel Chain: Non-Fossil Fuel

Results from Phase 2 of "Fuel Choice for Fuel Cell Vehicles", ADLittle Well-to-Wheels Project for 
DOE, 10/01,

Well-to-Wheels Comparison of Fuel Pathways
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* Net E100 emissions include byproduct credits.

Well-to-Wheels: Greenhouse Gases
Fuel Comparison

0 50 100 150 200 250 300 350 400

cH2 On-site NG SR, FCV

E100, Corn, FCV

E100, Corn Stover, FCV

Methanol, NG, FCV

RFG, Petroleum, FCV

cH2, On-site NG SR, ICE

Diesel, Petroleum, HEV

Diesel, Petroleum, ICEV

RFG, Petroleum, HEV

RFG, Petroleum, ICEV

GHG Emissions, g/mi

Vehicle

Fuel Chain
Net emissions

GWP Weighted GHG Emissions
GHG Emissions/ Mile Driven

Net emissions

Results from Phase 2 of "Fuel Choice for Fuel Cell Vehicles", ADLittle Well-to-Wheels Project for 
DOE, 10/01,
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Fuel cell vehicles will cost more than conventional 
and advanced ICE vehicles

Note: All vehicles are based on the same midsized vehicle platform with 350 mile range except the Battery EV which has only a 120 mile range.

Vehicle Ownership Costs for Small Battery Mid-sized Vehicles
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Projected Fuel Cell Vehicle Performance
Lightweight Hybrid Vehicle

Gasoline Fueled Hydrogen Fueled
Fuel Cell Fuel Cell

Urban Fuel Economy 79

Highway Fuel Economy 97

Combined 86

101

128

111
Note:  Based on NREL/ADVISOR system modeling using target fuel cell efficiencies.

Projected Mileage, MPGe

108 mpge predicted

111

GM Precept

Automotive Fuel Cells
Key Technical Challenges

• Hydrogen Storage
• Fuel Infrastructure
• Start-Up (Fuel Processing)
• Cost/Affordability (Platinum)
• Reliability/Durability
• Air/Thermal/Water Management

There are significant technical and economic barriers
that will keep fuel cell vehicles from making significant

market penetration for 10 years.
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Program Activities – Fuel Cells

18%

52%

30%

FY 2002 Budget = $41.925M

FY 2003 Request = $50M

Fuel Processing/Storage R&D
• On-/Off-board fuel processing

•Catalyst R&D
•Fuel Effects/Durability
•CO/Sulfur Management
•Microchannel Components

• Hydrogen Storage
•Advanced Chemical Hydrides,

C-Based Materials
•Independent Test FacilityFuel Cell

Stack Subsystem

•Catalyst R&D
•High Temperature Membrane R&D
•MEA/Bipolar Plate

Manufacturing Process
•Cost Reduction R&D
•Durability Studies

Systems

•System Validation
•System Modeling
•Ancillary Components

(Compressors, Sensors)
•Cost Analyses
•Emissions Testing

Fuel Cells for Transportation Program
Partners/Partnerships
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Summary

• Improving energy diversity will increase 
economic and energy security (supports 
National Energy Policy)

• Tremendous progress has been made, 
however major technical challenges 
prevent the introduction of fuel cells into 
the marketplace

• DOE’s Office of Energy Efficiency and 
Renewable Energy is addressing critical 
technical challenges.

For Further Information

2001 Annual Progress Reports available at www.cartech.doe.gov

DOE Fuel Cells for Transportation Program:

Pat Davis: 202-586-8061, patrick.davis@ee.doe.gov
Pete Devlin, 202-586-4905, peter.devlin@ee.doe.gov
Nancy Garland: 202-586-5673, nancy.garland@ee.doe.gov 
Donna Ho: 202-586-8000, donna.ho@ee.doe.gov
JoAnn Milliken: 202-586-2480, joann.milliken@ee.doe.gov

Prepared by Energetics, Incorporated                           17



C. HYDROGEN BRIEFING
Neil Rossmeissl, Program Manager, 

Office of Hydrogen and Superconductivity, Department of Energy 
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Fuel Cells for Buildings 
Roadmap Workshop

Hydrogen Briefing

Neil Rossmeissl
April 11, 2002

PEM FUEL CELL REQUIREMENTS
From June 1994

DOE
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Carbons Materials

DOE Hydrogen Plan/Goal

Gasoline

Diesel

High Pressure 
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Hydrogen Storage Developments
Reference Data From the R&D Roadmap 1998

Hydrogen Program Funding Summary

Hydrogen R&D Program -- Historical Funding
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Hydrogen R&D Program becomes budget line 
starting in FY 1994

Matsunaga Act
Authorization Levels

Hydrogen Futures Act
Authorization Levels

FY 03 Request
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Legislative Mandates

Pursuant to Matsunaga Hydrogen RD&D Act and 
the Hydrogen Futures Act of 1996, 2002:

Title 1 Hydrogen
“…to direct the Secretary of Energy to conduct a research, development, and 

demonstration program leading to the production storage, transport, and use 
of hydrogen for industrial, residential, transportation, and utility applications”

– Allows demonstrations with at least 50% non-Federal cost-share
– Accelerates “critical” R&D
– Calls for fostering technology transfer
– Authorizes a total of $290 million in spending; 
– Reauthorize the formation of the Hydrogen Technical Advisory Panel to review the 

program activities and make recommends to the Secretary on implementation and 
conduct of the program. 
FY 1996-2001

Reauthorization Approved in House, Senate has not acted

Legislative Mandates

Pursuant to Matsunaga Hydrogen RD&D Act and 
the Hydrogen Futures Act of 1996, 2002:

Title 2 Fuel Cells (amended for 2002) 
“…to direct the Secretary of Energy to solicit proposals for projects to prove the 

feasibility of integrating fuel cells into Federal, State, and local government 
facilities for stationary and transportation applications.”

– Allows demonstrations with at least 50% non-Federal cost-share
– Accelerates “critical” R&D
– Calls for fostering technology transfer
– Authorizes a total of $130 million in spending; 
– Not later than 120 days after the date of enactment of this section, the Secretary 

shall establish an interagency task force led by a Deputy Assistant Secretary of the 
Department of Energy and comprised of representatives, OSTP, DOT, EPA, NASA, 
DOD, DOC.

– Original authorization 1996 - 2001 
– Reauthorization approved in House, Senate has not acted FY 2002- 2006
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Legislative Mandates

Technical Panel
Comprised of representatives from industry, universities, professional 

societies, Government Labs, financial, environmental, and other 
appropriate organizations.

Proposed New Members:
Mr. John O’Sullivan EPRI (retired) Reappointed
Dr. Chung Liu SCAQMD Reappointed
Ms. Carol Bailey ChevronTexaco Reappointed
Mr. Jason Mark Union of Concerned Scientists Reappointed
Dr. Roberta Nichols Ford Motor Company(retired) Reappointed
Mr. David Haberman DCH Technologies Reappointed
Dr. George Schmauch Air Products and Chemicals (retired) Reappointed
Dr. Helena Chum National Renewable Energy Laboratory Reappointed
Dr. Vernon Roan University of Florida New appointment
Mr. Karl Rábago Rocky Mountain Institute New appointment
Dr. J. Byron McCormick General Motors New appointment
Dr. Douglas Wheeler UTC Fuel Cells New appointment 
Dr. Jan Hamrin Center for Resource Solutions New appointment
Dr. Robert Miller Air Products and Chemicals New appointment

Program ParticipantsUSDOE
HYDR

OGE
NP
ROG

RA
M

Technology Management, Inc.
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California Fuel Cell Partnership
Provide Hydrogen Infrastructure
Provide Pressurized Storage Tanks

Southcoast Air Quality Management District
Provide Hydrogen Infrastructure

Codes and Standards
International Code Council
National Fire Protection Association

Department of Transportation
NASA
GTI

Fuel-maker for Hydrogen
Infrastructure Working Group

Integration With Other ProgramsUSDOE
HYDR

OGE
NP
ROG

RA
M

Assistant Secretary Garman’s 

9 Priorities
EERE’s Priorities: Hydrogen

1. Dramatically reduce or even end dependence 
on foreign oil

3. Increase viability and deployment of renewable 
energy.

4. Increase reliability and efficiency of electricity 
generation.

9. Lead by example through government’s own 
actions.

Priority/Support

1. Balanced research, development and validation 
program to produce hydrogen from indigenous 
fossil and non-fossil sources.

3. Initiated a number of collaborations with Wind, 
CSP and DER programs using energy storage.

4. Collaborated with other EERE and FE programs 
on integrating fuel cells with hydrogen production

9. Last three years have developed collaborations 
with FE,OIT,OTT, DOT to foster major hydrogen 
initiatives. 

Milestones and Deliverables

Install distributed refueling stations that can produce 
hydrogen untaxed at $1.25 per gallon equivalent.  

Hydrogen storage system that can provide 6% by 
weight hydrogen and 250 – 400 miles of range.

Validate integrated systems into Power Parks that co-
produce electricity (<$0.06/kW) and hydrogen.

Major Accomplishments

Awarded three cooperative agreements with industry teams 
for hydrogen refueling stations.

Completed certification of a 6% by weight, 5000 psi cyrogas 
hydrogen storage tank.

Completed 100 cycles of a 5.2 % by weight hydride tank.

Completed testing of hydrogen production and 50kWe 
hydrogen fuel cell.
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Technology Validation

Analysis 
& Outreach 

56% ($19.3 M)

33% ($15.0 M)

11% ($5.6 M)

Core R&D 

Hydrogen Program Structure

• Core R&D
– Production  
– Storage        
– Utilization

• Technology Validation
– Renewable Hydrogen Systems
– Hydrogen Infrastructure
– Distributed/Remote Power Systems

• Analysis and Outreach
– Economic and Technical Assessments
– Operational Database on Validation 
– Projects for Codes & Standards

USDOE
HYDR

OGE
NP
ROG

RA
M

Core R&D Thrust FY02

Production : $ 7.76 M

Storage:  $ 7.84 M

Utilization : $ 3.74 M
FY 01 Milestones

Supported CaFCP by modeling maintenance building 
ventilation.

Hydrogen additions to natural gas extended the lean 
flammability limits cutting NOx by 25%.

FY 02 Milestones

Demonstrate 200 W advanced PEM fuel cell for personal 
mobility devices.

Quantify the effect of adding up to 100% hydrogen to 
combustion turbine emissions.

FY 01 Milestones

Developed new method to synthesize catalyzed alanate.

Demonstrated thermal compressor at 6000 psig.

FY 02 Milestones

Validate 5.2% by weight storage on catalyzed alanate with 
over 1000 cycles.

Scale up thermal compressor to 15 liters/min

FY 01 Milestones

Completed construction of ITM PDU

Operated a 5 liter bioshift reactor on a slipstream of syngas.

FY02 Milestones

Operate PDU continuously at 24,000 SCFD of syngas to 
verify performance.

Operate the 5 liter bioshift reactor at 10 psi on a slipstream 
of syngas

Utilization

Production

20%

35%

55%

Storage

Industry

Laboratory

14%

28%

58%

University
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Technology Validation Thrust FY02

Renewable Energy Systems ($ 2.65 M)

Industry

University 14%

73%

13%

Hydrogen Infrastructure ($ 6.5M)

Distributed/Remote Power ($ 5.85 M)
FY01 Milestones
Reduced cost of hydrogen production from wind and biomass
pyrolysis. 

Completed electrolysis/metal hydride hydrogen scooter.

FY02 Milestones
Demonstrate utility energy storage system.
Optimize fluidized bed reformer for biomass pyrolysis
Complete electrolzyer cost reduction efforts

FY01 Milestones
Determined suitability of PEM fuel cells for  stationary 
applications.
Completed power park scenario analysis and associated 
component costs and efficiencies.

FY02 Milestones
Complete design of power park
Demonstrate distributed remote FC

FY01 Results
Fabricated and test components for fueling station.
Validated 5000 psi composite tanks.

FY02 Milestones
Certify pressure vessels.
Demonstrate co-production refueling station with 50 kW
hydrogen fuel cell.

Laboratory

20%

35%

55%20%

35%

55%

51%
14%

35%

Renewable 
Energy 
Systems

Infrastructure

Distributed/
Remote

Analysis & Outreach Thrust FY02

Analysis: ($ 3.44 M)

Outreach: ($ 2.11 M)

FY 01 Milestones

Developed with ICC 24 amendments to the building codes.

Completed flammability tests on sheetrock for garage modeling.

FY02 Milestones

Complete the assessment of natural gas reforming using solar 
energy.

Support industry participation at the ICC hearing to approval the 
hydrogen amendments.

FY 01 Milestones

Completed hydrogen curriculum for high schools and 
colleges.

Complete educational module to support DER 
outreach program to educate state and local officials.

FY 02 Milestones

Complete a one-day educational program for NFPA 
on hydrogen.

Complete working script for hydrogen new age film.

Codes and Standards: ( $ 1.2 M)*
FY 02 Major Initiatives

Complete educational training seminar in 
collaboration with NFPA on hydrogen energy and 
fuel cells.

Complete amended code changes for the NFPA fuel 
gas and fuel cell codes.

Complete hydrogen version of NGV2 tank standards.

* Note: funding is part of analysis

Outreach

Analysis

38%

62%

8%

27%

65%Industry

University

Laboratory
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Operation of Hydrogen Fueling Station
Demonstration of Light-weight Pressurized Storage Tanks
Demonstration of Hydride Storage System 
Demonstration of .01 Gram Carbon Nanotube Material
Demonstration of Reversible Fuel Cell

Key Events for Next YearUSDOE
HYDR

OGE
NP
ROG

RA
M
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D. THE SOLID STATE ENERGY CONVERSION ALLIANCE
Wayne Surdoval, SECA Program Manager, 

National Energy Technology Laboratory, Department of Energy 

Prepared by Energetics, Incorporated                           27



The Solid State Energy Conversion Alliance

National Energy Technology Laboratory

Fuel Cells for Buildings and 
Stationary Applications 

Roadmap Workshop

April 4, 2002

Wayne A. Surdoval

Strategic Center for Natural GasSECA 032901

Energy Security

• Multi-fuel capability allows use of available fuels or currently 

cost-effective fuels including hydrogen and coal.

• In many applications doubles the efficiency of producing 

power from  fossil fuels compared to current technologies.

- Reduced CO2 emissions

- Reduced dependence on imported fuels

- Rapid response to local energy shortages.  Eliminates long-

lead time and economic uncertainty associated with larger 

plants.

National Benefits
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Strategic Center for Natural GasSECA 032901

National Benefits

Environment and Health Benefits

Important health benefits due to the negligible emission 

of environmental pollutants using fossil fuels.

Economic Choices

Provides a grid independent, environmentally 

friendly power source for use in the undisturbed, 
natural areas of the nation.

Provides more power choices for residences and 
businesses.  The high efficiencies of a combined heat 
and power (CHP) system along with a choice of fuel, 
power quality, grid integration or grid independence will 
provide citizens with choices and will significantly 
assist de-regulation efforts throughout the nation.

Strategic Center for Natural GasSECA 032901

Tube Bundle

Tubular SOFC

Fuel Flow

Anode

Interconnection

Electrolyte

Cathode

Air flow
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Strategic Center for Natural GasSECA 032901

2003-2008
Near-term DG market

47- 63% efficiency

Homestead, PA 15MW/yr 
Manufacturing facility 
2003 ($4500/kW initially)

250kW - 550kW

$1,000-1,500/kW

Tubular Solid Oxide Fuel Cells

2001
47% efficiency

> $10,000/kW

100-220kW

16,000 hr operation 
at 100-kW

Strategic Center for Natural GasSECA 032901

Planar Cell

End Plate

Cathode

Electrolyte Matrix

Anode

Bipolar Separator
Plate

Oxidant
Flow

Fuel
Flow

Cathode

Electrolyte Matrix

Anode

End Plate

Oxidant
Flow

Fuel
Flow

Current Flow
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Automotive Auxillary Power Unit

Automotive Systems

Strategic Center for Natural GasSECA 032901

FCT 5 kWe SOFC Power System
Oblique View-Open Access Panels
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Working Definition of Hybrid Fuel Cell

A combined-cycle power generation system 
containing a high-temperature fuel cell plus a

Gas turbine
or

Reciprocating engine
or

Another fuel cell

Strategic Center for Natural GasSECA 032901

The Vision: Fuel Cells in 2010

Low Cost/High Volume
$400/kW/ > 50,000 units/yr

Cost

Volume
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SOFC Materials Costs

Strategic Center for Natural GasSECA 032901

2010
$400/kW

Residential & 
industrial CHP

Transportation 
auxiliary power

2005
$800/kW

Long-haul trucks

RVs

Military

Premium power

2015
Vision 21 power plants

75% efficient

Hybrid systems

60–70% efficient

SECA Goals and Applications
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Technical Requirements

Power Rating Net 3-10 kW

Cost $400 / kW

Efficiency 30 - 50%   [APU]           
(AC or DC/LHV) 40 - 60%   [Stationary] 

Fuels Natural Gas
(Current infrastructure) Gasoline

Diesel

Design Lifetime 5,000 Hours   [APU] 
40,000 Hours [Stationary] 

Maintenance Interval > 1,000 Hours

Strategic Center for Natural GasSECA 032901

SECA Program Structure

Industry Input Program Management

Research
TopicsNeeds

Industry Integration Teams
Technology

Transfer

Small 
BusinessUniversity National

Lab
Industry

Power
Electronics

Modeling &
Simulation

Materials

Controls &
Diagnostics

Fuel
Processing

Fuel
Processing

Manufacturing

Modeling &
Simulation

Power
Electronics

Controls &
Diagnostics

Manufacturing

Materials

Core Technology Program

Fuel Cell
Core

Technology

Project Management
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INDUSTRIAL TEAMS

Honeywell (GE)

Delphi/
Battelle

Cummins/
McDermott

Siemens-
Westinghouse

Demonstrated a unique unitized sealess
radial design.  Single cell performance at 
700 C is near Goals

Demonstrated automotive APU.  
Design developed by Battelle will 
use  unique seals, anode, and cathode.

McDermott has demonstrated a unique 
design and cost effective multi-layer 
manufacturing using techniques 
developed in the semi-conductor industry.

Siemens-Westinghouse has redesigned
their technically successful tubular 
design to reduce stack cost. 

Strategic Center for Natural GasSECA 032901

Small 
BusinessUniversity

National
Lab Industry

Core Technology Program
The Technology Base

Fuel Cell
Core

Technology

Fuel
Processing

Fuel
Processing

Power
Electronics

Modeling &
Simulation

Materials

Controls &
Diagnostics

Manufacturing

Modeling &
Simulation

Power
Electronics

Controls &
Diagnostics

Manufacturing

Materials
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Alliance

Large Business

Small Business

Universities &
Non-Profits

National 
Laboratories

5

6

6

6

Industrial Teams
1999 PRDA
2000 Multi-Layer

2000 Multi-Layer
SBIR Phases I & II

1999 PRDA
UCR

Field Work 
Proposals

# of Participants Funding
Mechanism

Strategic Center for Natural GasSECA 032901

Automotive Systems

SECA Players/Efforts
Universities, National Labs, Industry
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SECA Budget
($ - millions)

0

5

10

15

20

25

30

FY00 FY01 FY02 FY03

Request
Approp.

Strategic Center for Natural GasSECA 032901

Industry Team Solicitation Issued November 3, 2000

Proposals Due  January   3, 2003

SECA Core Technology                    February 14 & 15, 
Program Workshop 2000     

2nd Annual SECA Workshop March 29 & 30,2001

2001 Industrial Teams Selected August 2001

Core Technology Program Review November 2001
Core Technology Program                January 2002

Solicitation Issued
Core Technology Program Review June 18 & 19, 2002

SECA TimelineSECA Timeline

www.netl.doe.gov/scng
www.seca.doe.gov
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FUTURE NEEDS
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Materials

3.0 Introduction 

The materials group discussed the fuel cell stack, including high temperature membranes, 
water management, catalysts, and bi-polar plates. Research and development on materials 
used in fuel cells will lead to a 
more efficient, lower cost, and 
higher performance fuel cell 
power plant.  The actions 
identified by the group are in the 
following four areas: 

Fundamental Research 
Applied Research 
Development 
Analysis

Table 3-1 illustrates the key 
actions identified by the 
materials breakout group. Table 
3-2 displays the work 
breakdown structure of the high 
priority actions. 

3.1 Action Plans 

The most critical part of the fuel 
cell system is the membrane.  
The membrane has the most influence on the operating temperature, efficiency, and 
lifetime of the fuel cell.  Because membrane problems, such as degradation, are at the 
heart of fuel cell construction, operation, and maintenance, breakout group participants 
support the development of a central laboratory, housed at a university or national 
laboratory, where all membrane problems could be assessed. Once degradation problems 
and solutions are understood, manufacturers and researchers would be able to improve 
the membrane itself.  

Development of high temperatures membranes will allow the fuel cell to be integrated 
with combined heat and power applications. By raising its operating temperature, the fuel 
cell could also support heating and cooling loads as well as provide electricity.  High 
temperature membranes will give the fuel cell power plant system a high overall 
efficiency of 70-80%.

Improved water and thermal management are keys to efficient fuel cell operation.  The 
fuel cell generates water, but both the fuel and air entering the fuel cell must be 
humidified; in addition the polymer electrolyte membrane must be hydrated.  If it is not 

Participants:
Materials Breakout Group

NAME  ORGANIZATION

Guoyi Fu  Millinium Chemicals 

Ajay Misra  NASA Glenn Research Center 

Steve Slayzak  National Renewable Energy 
Laboratory 

Ed Taylor  Naval Air Systems Command 

Sandy Dapkunes  National Institute of Standards and 
Technology 

Bill Swift  Argonne National Laboratory 

Nancy Garland  U.S. Department of Energy 

Bahri Ozturk  Allegheny Ludlum 

James Wang  Sandia National Laboratory 

Mike Silver  American Elements 

Bruce Rauhe  Houston Advanced Research 
Center

Bill Ernst  PlugPower 

Neil Rossmeisl  U.S. Department of Energy 

Facilitator:  Rich Scheer, Energetics, Incorporated 
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ideally hydrated, the membrane does not conduct the hydrogen ions well and electric 
output drops.  To combat this problem, water and heat transport models should be 
developed on the membrane level and then synthesized for the stack level.  This would 
result in an analytical tool that researchers and manufacturers could use to effectively 
model water and thermal management.  Alternately, research could be conducted on 
different stack materials to reduce the need for water and thermal management systems. 

Development of lower cost, higher activity, and increased impurity- tolerant electro- 
catalysts is necessary for fuel cells to be competitive, operating off the current fueling 
infrastructure.  Platinum is currently the best catalyst for the PEMFC, but it is very 
expensive and sensitive to impurities in the fuel stream (CO, S, NH3).  The anode 
catalyst needs to have an increased tolerance to impurities, while the cathode catalyst 
needs to stimulate more activity.  Lowering the loading levels of the platinum catalyst 
would greatly reduce the cost of fuel cell systems.  Table 3.0 illustrates the targets for 
tolerance to sulfur and carbon monoxide (CO) as well as targets for decreasing stoic and 
platinum (Pt) loading levels.  Development of non-precious, high tolerant material 
catalysts would be a revolutionary breakthrough for low cost, fuel flexible fuel cell 
systems.  

A life cycle cost test/model should be designed to document the durability and lifetimes 
of the fuel the cell systems, as well as to predict system performance.  This process would 
be based on the “model, modify, verify” loop.  The industry could adopt the FMEA 
(Failure Mode Effects Analysis) process, which is a pro-active engineering- quality 
testing method that helps identify and counter weak points in the early conception phase 
of product and process testing and validation.

The solid oxide fuel cell (SOFC) offers another fuel cell type for building applications. 
The SOFC operates at a much higher temperature then the PEMFC and is less sensitive to 
impurities from hydrogen- rich fuel.  Developing an R&D program to lower operating 
temperatures, reduce materials costs, and increase power density will make the SOFC a 
viable energy solution for buildings. 
Table 3.0 Tolerance Targets for the Anode and Cathode
Anode Cathode 
2003 2003 
Sulfur 10 ppb Stoiciometry 1.5 
CO 20 ppm OP .6V 
Stoiciometry 1.2 2005 
Pt-Loading .2 mg/cm2 Stoiciometry 1.35 
2005 OP .5V 
Sulfur .5 ppm 2012 
CO 200 ppm Stoiciometry 1.2 
Stoiciometry 1.15 OP .3V 
Pt- Loading .15   
2012 
Sulfur 1 ppm   
CO 500 ppm   
Stoiciometry 1.1   
Pt-Loading .1   
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Components and Subsystems

4.0 Introduction 

The components and subsystems group discussed methods for improving fuel cell 
performance and reducing system costs. Fuel processing issues and opportunities were 
also discussed, as was research, development, and demonstration actions that should be 
taken to achieve the fuel cell 
vision.

PEM fuel cells ideally operate 
on pure hydrogen, since 
processed hydrogen contains 
sulfur and CO that can hinder 
fuel cell performance. Until 
hydrogen becomes a 
mainstream fuel, fuel cells 
need to operate cost effectively 
on various fuels (e.g. natural 
gas, #2 oil, diesel fuel, etc.)

The components and 
subsystems group organized 
the key actions into four 
categories: 

Research and 
Development on 
subsystems 
Fuel Processing 
Analysis
Demonstrations 

A complete list of actions is 
shown in Table 4-1.  The 
complete action plans for the 
top priority actions is displayed 
in Table 4-2. 

4.1 Action Plans 

A top research and development priority, therefore, is development of a low cost, fuel 
flexible fuel processor for a 50 kilowatt fuel cell. Development of this processor will lead 
to defined performance and cost targets for fuel cell components (catalyst and heat 
exchangers) as well as the entire processor.  Successful development of a fuel processor 
will also demonstrate its commercial potential. 

Participants:
Components and Subsystems Breakout 

Group

NAME  ORGANIZATION

Graydon Whidden  Catalytica Energy 

Brian Engleman  Catalytica Energy 

Doug Wheeler  UTC Fuel Cells 

Fred Kemp  CTC 

Sean Field  Naval Air Systems Command 

Stanley Chen  U.S. Department of Energy 

Greg Jackson  DCH Enable 

John Turner  National Renewable Energy 
Laboratory 

Nick Josefik  CERL 

Doyle Miller  MesoFuel 

Ravi Kumar  GE Power Systems 

Conghua Wang  Sarnoff 

Tom Butcher  Brookhaven National Laboratory 

Allan Williams  Georgia Tech 

Patrick Davis  U.S Department of Energy 

Wayne Surdoval  National Energy Technology 
Laboratory 

Pinakin Patel  FuelCell Energy 

Marla Perez-Davis  NASA Glen Research Center 

Jill Jonkouski  U.S. Department of Energy 

Jennifer Schafer  Plug Power 

Facilitator:  Dan Brewer, Energetics, Incorporated 
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Creating an RD&D program to remove sulfur from the fuel stream is critical to producing 
an effective hydrogen- rich gas.  The first step in this process is to compare different 
options for sulfur removal.  These options include liquid or gaseous sulfur removal in the 
fuel cell power plant or removal of sulfur at the beginning of the fuel stream.  For 
example, sulfur is added to natural gas as an odorant for safety; developing alternative 
odorants can remove sulfur from the natural gas fuel stream.  The fuel cells for buildings 
industry should consider incorporating the Department of Defense’s success in reforming 
liquid fuels for military applications. 

A comprehensive RD&D program on fuel cell life should be designed to allow 
researchers and manufacturers to understand the inhibitors of a long- lasting fuel cell.   A 
matrix that links water and thermal management issues to membrane degradation would 
help clarify membrane degradation problems and solutions.  Research should also be 
pursued on processed hydrogen fuel lifetimes, reliability, efficiency, and cost. These 
linkages would guide researchers on the substances that need to be removed from the fuel 
stream.  A national research laboratory could work with manufacturers on identifying 
stack and critical system component failure mechanisms, among other issues.   

An RD&D program to reduce costs and integrate systems would aid the 
commercialization of the PEMFC.  Such a program would consist of three phases, each 
lasting three years in duration.  The first phase would identify integration options for the 
system, resulting in an exhaustive list of viable options for system integration.  The 
second phase would involve performance of a cost benefit analysis on each of the 
options.  Finally, the best options from the cost benefit analysis would be verified through 
system testing. The result would be a “Best Practices Guide” for manufacturers to use in 
reducing costs.

The phosphoric acid fuel cell (PAFC) has been installed in buildings across the nation.
Fuel cell and building designers and construction managers have already tackled many of 
the challenges that lie ahead for the fuel cell for buildings industry.  By gathering data 
and reviewing experiences of PAFCs in building applications, the fuel cell industry can 
build upon, and not repeat, work that has already be done.

Demonstrations of fuel cell projects managed by early adopters (government, premium 
power applications, and universities) will show off the benefits of using fuel cells for on-
site power generation.  These demonstration projects would include interactive controls 
to anticipate and manage load swings, reformers with CO2 sequestration, and combined 
heat and power (CHP) applications for low-temperature PEM. 
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Building Infrastructure

5.0 Introduction 

Participants in the Fuel Cell Building Infrastructure group discussed a number of key 
actions that need to be taken to achieve the vision for fuel cells as used in buildings and 
stationary applications.  The group represented diverse interests, including architecture 
and engineering, fuel cell manufacturers and system designers, state and federal 
government, national research laboratories, fuel cell advocates and associations, and 
utilities.

Because of the group’s diverse 
interests and expertise, action plans 
spanned the many technical, 
institutional, policy, and education 
challenges facing commercial 
application of fuel cell technology in 
buildings and stationary applications.
Key actions were discussed in the 
areas of: 

Marketing
Policy Initiatives 
Demonstrations 
Integration Technology: 
Components and Products 
Education, Training, and 
Outreach
Codes and Standards 

A complete picture of these actions 
is displayed in Table 5-1.  Table 5-2 
illustrates the specific action plans 
for the top priority actions. 

5.1 Action Plans 

The top priority action that needs to 
take place is development of a series 
of demonstration projects of fuel cells in actual building environments.  Building sectors 
that would be most appropriate for such demonstration projects include universities and 
federal facilities, including defense sites. The demonstration projects would be designed 
to showcase not only the technology, but the economic viability of fuel cells in buildings, 
as well as the manner in which fuel cells can be integrated with other energy options 
(e.g., solar, CHP) in distributed applications. Demonstration projects utilizing existing 

Participants:
Building Infrastructure Breakout Group
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Keith Kline  ORNL 
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Eric Lightner  U.S. DOE 
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Walter Runte  Gas Technology Institute 

Larry Simpson  Connected Energy 

David Sutula  Gas Appliances Manufacturing  
Association 

Richard Sweetser  Exergy Partners 

Paul Wang  Concurrent Technologies 

Sam Wong  M.C. Dean  
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fuel cell technologies should be initiated in the short to medium time range; advanced 
fuel cell technologies should be showcased further into the future.

There are numerous other programs, in both the public and private sectors, with which 
this fuel cell demonstration program should be integrated, including the DOE Climate 
Change Program, the EPA Environmental Technology Verification Program, the 
Distributed Energy Resources program, Rebuild America, etc.  Many organizations 
would be interested in participating, including EPA, the Gas Technology Institute, the 
National Hydrogen Association, etc.  The first steps in designing a demonstration 
program are to find a “champion” for such an activity, engage fuel cell manufacturers, 
and develop a budgeted line-item in the federal budget for cost-shared funding. 

Education, training, and outreach needs to be conducted as well; in fact, demonstration 
projects provide a natural venue for such activity.  This effort needs to include public 
outreach; state and local government official training; technician training; short term 
utility education programs;  education, training, and certifications programs for 
tradespersons, including finance, insurance, and real estate professionals;  training for 
building designers, operators, and managers through professional organizations, 
including the American Institute of Architects, ASHRAE, the building code 
organizations, etc.; and educational programs for teachers and students in grades K-12, as 
well as college and post graduate students. An assessment of existing educational 
materials must be conducted first, and additional materials then developed to “fit” each of 
these groups, including case studies, technical and policy materials, and market studies. 
Numerous other programs and organizations should be brought into this process, 
including the National Association of Technical Colleges, professional organizations 
such as IEEE, American Chemical Society, the National Institute of Standards and 
Technology, the National Science Foundation, etc. 

In the policy arena, effort needs to be made to develop a legislative and regulatory 
climate that allows generation of energy on-site using fuel cells and allows integration 
with the grid.  State regulatory commissions should be encouraged to open retail energy 
markets that support net metering and interconnection opportunities for fuel cell powered 
buildings.  Incentives for fuel cell use in new real estate developments should also be 
considered, in much the same way as new all-gas or electric developments receive hook-
up incentives. Policy changes are long-term, but should begin as soon as possible, and 
involve many organizations, including IEEE, the Federal Energy Regulatory 
Commission, the National Association of State Energy Officials, the National 
Association of Regulatory Utility Commissions, and others.  The first step in this process 
is to clearly articulate the issues of concern, and identify a public-private coalition of 
organizations and institutions to support these issues.

Demonstration projects, education and outreach programs, and policy initiatives must be 
combined with market and cost-benefit data gathering and analysis.  Baseline fuel cell 
operation and performance data from buildings and stationary applications can then be 
compared with operational data collected on-site, to show real-world performance. Once 
credible data is obtained, market research can be conducted and used to generate 
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commercial interest in fuel cells for this buildings sector.  An inventory of existing sites 
should be conducted to develop a database and to characterize fuel cell technology and 
markets at these sites.  This is a short to mid term activity, one that coordinates well with 
other market assessment activities underway at the national laboratories.  The first step in 
taking action on this issue is to request that all federally-funded technology 
characterizations include fuel cells. 

Other key actions involve development of building codes and standards that include fuel 
cell components and systems, so that buildings utilizing this technology can be permitted 
and built in a timely fashion.  Existing fire, safety, and construction codes need to be 
updated, and officials educated as soon as possible, with the assistance of the national 
code organizations, mechanical and electrical professional associations, and fuel cell 
trade associations, such as the U.S. Fuel Cell Council. 

Development of a building infrastructure that utilizes fuel cells in both the near and far 
term will require attention to all of these actions, as well as to the materials, and 
component and systems actions identified above.  Research, development, and 
demonstration are required to move fuel cell components and systems out of the 
laboratory and into buildings and stationary applications.  The U.S. Department of 
Energy, in partnership with both other public as well as private and non-profit 
stakeholders, is at the forefront of this effort.  The actions identified at the Fuel Cells for 
Buildings and Stationary Applications will, if implemented, provide the impetus needed 
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